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The attached report summarizes the bench-scale activities performed; to load crystalline silicotitanate
(CST) resin with noble metals for use in hydrogen generation studies, and determine the hydrodynamic
character of CST compared to Frit 202 for further mixing and sampling studies.

The salt disposition team requested that; the effect of CST resin loaded with noble metals on the maximum
hydrogen generation rate produced during the DWPF melter feed preparation processes, and determine
what particle size of CST resin would be needed to allow mixing and sampling of melter feed with the
existing equipment.

Loading of the CST resin was performed using a small volume of salt at the nominal salt concentration
with cesium and potassium levels increased to account for the large number of column volumes that the
CST columns are expected to treat. Cesium adsorption kinetics indicated a rapid up-take of cesium, but-
only small amounts of noble metals were removed from solution.

The experimental results indicate that reducing the size of the CST to that comparable to the frit (80-200
mesh) will yield similar hydrodynamic character. Results indicate that the particle size of distribution of the
CST can reduced by re-circulating a CST slurry through a centrifugal pump, but the efficiency of the size
reduction per pass is small.

If there are additional questions regarding the attached report, please contact M. A. Baich at 7-7692.
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EXECUTIVE SUMMARY

e Reducing the particle distribution of as-received CST to that of Frit 202 (80-200 mesh) will
result in CST hydrodynamic properties comparable to that of Frit 202.

e (ST can absorb small quantities of soluble noble metal species which may or may not be
catalytic in the production of hydrogen during sludge feed preparation.

¢ As-received CST particle size can be reduced by exposure to a high shear environment (such

as a centrifugal pump). However, vendors are available that sell equipment for the specific
purpose of reducing the particle size of slurries. '

¢ During unloading of the 4” CST column, it was found that if the column remains flooded, the
slurry of CST flows very well. Slurry flow from a ¥2” ball valve (flow opening about 3/8”)
could be started and stopped without becoming plugged.
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INTRODUCTION

Crystalline Silicotitanate (CST) resin was selected as one of two alternatives to the In-Tank
Precipitation Process (ITP) for removal of cesium from the salt waste at Savannah River Site.
The proposed salt waste treatment process using CST would involve passing a filtered salt waste
through a fixed bed of CST resin. The CST would remove the cesium from the salt waste by ion
exchange and the decontaminated salt would be incorporated into the Saltstone Process. The
loaded resin would then be sent to the Defense Waste Processing Facility (DWPF) for
incorporation into the waste glass product.

Concerns have been raised as to whether as-received CST resin (particle size distribution 30-60
mesh), can be suspended by the existing mixing systems in the DWPF and whether a melter feed
containing CST can be representatively sampled with the Hydragard sampler and associated
transfer systems. Thoughts are that if the CST is shown to have the same hydrodynamic
characteristics as the DWPF frit, it will exhibit similar mixing and sampling characteristics.
Another concern is whether or not CST resin can adsorb soluble noble metals from the salt
solution and form a solid supported catalyst, which could potentially lead to increased hydrogen
production rates in the DWPF Chemical Process Cell.

This report documents the results of laboratory investigations into the hydrodynamic character of
the CST compared to DWPF frit and discusses attempts to alter the hydrodynamic character of .
the CST. CST’s ability to adsorb noble metals was also investigated. It was found that CST has-
the ability to adsorb some noble metals, which necessitated the production of loaded CST for
both bench-scale and pilot scale melter feed prep process simulations to determine if increased
hydrogen production would occur during the DWPF process. This report documents the manner
in which this material was produced.

DISCUSSION

CST Settling Studies

Test Equipment Configuration

Figure 1 presents a drawing of the equipment used to determine the bed expansion and settling
character of CST and frit. The glass column was 2.54 cm in diameter and 50 cm in height and
was filled with solids to a depth of around 20 cm. The pump was run at a set flow rate to expand
the bed of solids. The flow rate was limited by the degree of bed expansion observed for each
solid investigated. Bed expansion is defined to be:

Height of Expanded Bed — Settled Bed Height

% Bed Expansion =100 -
Settled Bed Height
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Initial and final bed heights were recorded. The pump was then stopped and the time for the bed
to collapse to its initial height was recorded.

The effect of solution pH was also investigated. Settling times and bed expansion results
performed with Frit 202 in water (pH=10.18) were found to be no different from those obtained
when the solution pH was adjusted with formic acid to a pH of 2.9. Similar results were obtained
with CST when the pH was adjusted with sodium hydroxide from a pH of 4.2 to a pH of 11.2.
Based upon these results, adjustments of solution pH were discontinued in subsequent tests.

Test Results’

Figures 2, 3, and 4 show the particle size distribution of Frit 202 and Batch 4 and Batch 5 as-
received CST, respectively. Figure 5 presents a comparison of settling times for as-received
Batch 4 CST and Frit 202. At the same relative bed expansion, the CST settled almost an order
of magnitude faster than the frit. Thus, it is postulated that DWPF process vessel mixing systems
may not be capable of achieving a homogeneous slurry of sludge, frit and as-received CST
particles. This will be tested in Thermal Fluids Laboratory (TFL) experiments where DWPF
mixing conditions will be simulated. In an attempt to determine what CST particle size range
would have similar hydrodynamic characteristics as the frit, samples of CST were ground and
sieved. Various mesh size cuts were tested for settling time and bed expansion. Results indicated
that a CST mesh size cut similar to that of the Frit 202 (80-200 mesh) would have comparable
hydrodynamic properties. Figure 6 presents a comparison of the bed expansion characteristics of
Frit 202 with various mesh cuts of CST. -

The results presented above indicate that similar hydrodynamic properties of CST can be
obtained by reducing the size of the CST resin. However, operation of a fixed bed of CST in the
—80 +200 mesh size range would lead to excessive pressure drop and likely prohibitive solids
loss from the bed.

CST Particle Size Reduction

The size of the as-received CST resin has been fixed based upon ion exchange bed pressure drop
at 30-60 mesh. Processing of the spent CST resin in DWPF will likely require reducing the size
of the CST to ensure adequate mixing and representative sampling. Studies have shown (Ref. 1)
that CST is friable in a high sheer environment like a centrifugal pump. A 10-liter tank with a
slurry recirculation loop (flow ~ 2 gpm) was set up in an attempt to determine the pumping time
required to reduce the particle size of a 10 wt% as-received CST slurry. A sample of the resulting
CST slurry after approximately 8 hours pumping time was analyzed for solid particle size
distribution. Figure 7 presents these results. Results indicate that 57% of the CST was reduced in
size below 80 mesh, but a significant fraction (43%) was unchanged. It is thought that the degree

! The UOP CST Lot # for Batch 4 and Batch S was: 999098810004 and 999098810005, respectively.
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of mixing in the tank may have limited the actual number of passes through the pump that the
solids were subjected to and therefore the degree of size reduction. Figure 7 also presents the
particle size distribution for CST which was boiled in caustic sludge supernatant for 30 hours to
simulate a SRAT/SME cycle.

Based upon these results, an alternative tank configuration was setup to size reduce and classify
the CST particles. Figure 8 presents a drawing of this experimental setup. The glass vessel
contains a small inner section into which the solids are introduced. Not all of the solids were
added at once to prevent plugging the inlet to the pump. This inner section feeds directly to the
centrifugal pump. A second feed (light end) to the pump comes from the annular space between
the inner and outer vessels. By controlling the light end flow, the maximum size of the particles
floated over the edge of the inner vessel can be controlled. The annular space provides a semi-
stagnant volume in which solids of the desired size may settle and accumulate. Larger particles
remain in the inner vessel until reduced in size and carried over the edge of the inner vessel.
Particles of a known size (-80 +200 mesh) were used to determine the light end flow, which
would carry particles of this size over the inner column. Using this setup, 1.5 liters of a 10 wt %
slurry of as-received CST in water was reduced in particle size in less than an hour. Figure 9
presents the particle size analysis for two batches run in this configuration.

Noble Metals Adsorption by CST

~

In an effort to determine the degree to which CST can adsorb noble metals, six samples of CST.
(~5 grams) were combined with filtered salt solution (~16 grams) containing noble metals and -
placed on a shaker table. One sample was removed, filtered, and analyzed each day over a six-
day period. Figure 10 presents the noble metals analysis of the filtered material. Experimental
results are summarized in Table L. This table shows that CST can adsorb some amount of each of
the noble metals present in filtered salt solution, which potentially could result in increased
catalytic activity for the production of hydrogen during DWPF melter feed preparation.

TABLE I. Noble Metal Loading on CST

Average
Metal Loading Average K
(1e/g CST) (ml/g)

Ru 1.7 24

Rh 20.6 34

Pd 7.5 0.7

The adsorption coefficient K, is calculated as:

K, =SV
C, m
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where C, is the initial concentration of metal in solution, Cfis the final concentration, Vis the
solution volume (15 ml) and m is the mass of CST in the vials (5 g).

Preparation of CST for DWPF Melter Feed Process Simulations

Bench-Scale Hydrogen/Foaming Studies

CST Loading >

One of the technical concerns with the use of CST resin for Salt Alternatives is the adsorption of
noble metals (Pd, Rh, Ru). It was postulated that the adsorption of these metals by a high surface
area material (CST) could lead to significantly higher hydrogen production rates during melter
feed preparation process operations. Small batch tests of 5 grams of CST in 16 grams of salt
solution containing noble metals demonstrated that CST has the capability of adsorbing these
noble metals (see Table I). Determination of the hydrogen generation rates, which would be
expected during coupled operation, required the production of relatively large amounts of loaded
CST for the experiments. To this end, it was decided to load 500 grams (110 deg C dry basis) to
levels of cesium and noble metals expected in plant operations. Operation of a scaled CST ion-
exchange column in the manner proposed for full scale operation was found to be prohibitive
from a time (30 days operation), and waste generation (~2000 column volumes of salt), ~
standpoint. Therefore, an alternative mode of operation was decided upon. "
Loading of the CST resin was performed in an up-flow fluidized-bed column (2” in diameter by
24 “ in height) to provide good mixing of salt solution and CST resin. The bed of solids was
expanded to about 100 % expansion. A smaller volume of salt solution was recirculated through
the column. Salt solution makeup was based upon the “average” composition presented in
WSRC-TR-99-00116 Rev. 0. (Ref. 2). The concentrations of cesium and potassium were
increased to that representing the total that S00 grams of CST could adsorb while leaving the
final concentrations of cesium and potassium in the salt at nominal design basis levels. Operation
in this manner was judged to produce loadedyCST in equilibrium with fresh incoming salt
solution. Noble metals concentrations from the Enhanced Comprehensive Catalyst (ECC) Ref. 3
study were used. Table II presents the salt recipe for loading 500 grams of CST with 6 liters of
salt solution.

Figure 11 presents the experimental setup for loading the 500 grams of CST. Operation of the
column entailed the following steps (See ITS/TNX Procedure Manual L.27 Procedure 1.14 Rev. 0
for details):

1) Humid air treatment of CST. (~24 hours)
2) Flush of CST fines with water. (1 hour)
3) Caustic pre-treatment with 2 molar NaOH and soak. (~14 hours)

2 The UOP CST Lot # for these runs was: 999098810005
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4) CST loading with salt solution and soak over night. (~3 days)
5) Caustic flush of CST column. (1 hour)

6) Water flush of CST column. (1 hour)

7) Removal and air drying of CST solids.

TABLEII  CST Loading Salt Solution Makeup for Bench-Scale Process Simulations

Target Volume — 6 Liters

Measured

Cations/ Target Conc. Target Additions Conc.

Anions (gmol/L) Reagent gmol  grams

Na+ 56 - 33.60

OH- 191 NaOH 1146  458.40 1.73 molar

NO3- 2.170 NaNO3 12.78 1,085.82

KNO3 0.130 13.16 2344.5 ppm®
CsNO3 0.105  20.47 2591.2 ppm

NO2- 0.52 NaNO2 3.120 215.28

AlO2- 0.31 NaAlO2 1.860  152.46
CO3= 0.166 Na2CO3 0996  105.57
SO4= 0.156 Na2504 0936 142.04
Cl- 0.025 NaCl 0.150 8.77 A
F- 0.032 NaF 0.192 8.06 ~
PO4--- 0.01 Na3P0O4.12H20 0.060 22.81

’ H20 5336.26 *
Total 7560
SpG 1.26
Target

Noble Conc.
Metals (mg/L) Reagent Nitrate Solution mgrams Metal  grams of Sol.
Pd 32 15.27 wt% Pd Metal 19.2 0.1257
Rh 2.1 4.933 wt% Rh Metal 12.6 0.2554
Ru 7.7 10.08 wt% Ru Metal 46.2 0.4583

The initial moisture content of the CST was determined by drying at 110 deg C to be 5.137 wt%.
Therefore, on a dry basis 527.33 grams of CST was charged to the loading column. The mass of
air-dried loaded CST recovered was 638.25 grams. This represented a 21.03% increase in mass,
(likely mostly water). Drying of the loaded CST at 610 deg C to determine the oxide content
resulted in a 22.78 % lose; i. e., 77.22 wt% of the CST was oxide. Final cesium content of the
salt solution was determined to be 35.09 ppm. This represents a >99% drop from its initial
concentration of 2591 ppm. Analytical data in Table IIl demonstrates that most of the adsorption

process takes place in the first 8 hours of operation. Potassium is also adsorbed, but to a much
lesser extent.

? Analysis for potassium ion was about 3X target due to suspected potassium contamination of sodium nitrate reagent used.
8
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TABLE III  CST Cesium Loading Rate Data

Cesium Potassium Hydroxide
(ppm) (ppm) (Molar)
Initial Salt Solution Conc. (filtered) 2591.2 23445 1.73
Initial Salt Solution Conc. (un-filtered) 2333.7 2140.2 1.68
Salt Solution after first 8 hours 54.1
Salt Solution after second 8 hours 31.1
Salt Solution after third 8 hours 21.1
Final Salt Solution 35.1 1790.4 1.67

Size Reduction of Loaded CST for Bench-Scale Hydrogen/Foaming Studies

One of the small scale CST hydrogen study runs required a 10 wt% slurry of loaded CST reduced
in size to that comparable to frit. The size reduction was performed using the CST Grinding and
Classification Setup depicted in Figure 8. The system was operated in a batch mode with 140
grams of loaded CST in 1400 ml of water.

Pilot-Scale Hydrogen/Foaming Studies

A

CST Loading* .

A larger scale version of the CST loading setup was built in order to load large quantities of CST
in a manner similar to the small-scale operation. Figure 12 presents a drawing of this equipment.
The scale factor for this column was 15 compared to the smaller column (i.e. 7500 grams of CST
- 110 deg C dry basis) was loaded with 90 liters of salt solution. Salt solution component
concentrations were maintained at the levels prepared for the smaller scale run. Table IV presents
the salt solution makeup for these runs. Two 45-liter charges of salt solution were used for each
CST batch. Table V presents the analysis of the combined salt solution for the two batches. Two
CST batches were required to meet the loaded CST requirements for the larger scale
hydrogen/foaming studies to be performed in the Glass Feed Preparation System (GFPS). See

"~ ITS/TNX Procedure Manual L.27 Procedure 1.20 Rev. O for details.

* The UOP CST Lot # for these runs was: 999098810006

e . A R R
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TABLE IV  CST Loading Salt Solution Makeup for Pilot-Scale Process Simulations

Target Volume — 45 Liters

Target
Cations Conc. Target Additions
Anions (gmol/L) Reagent gmol grams
Na+ 5.6 252.0
OH- 1.91 NaOH 85.95 3438.00
NO3- 2.170 NaNO3 95.82 8,143.61
KNO3 0.977 98.73
CsNO3 0.81 157.88
NO2- 0.52 NaNO2 23.40 1,614.60
AlO2- 0.31 NaAlO2 13.95 1,143.48
- CO3= 0.166 Na2CO03 7.470 791.75
SO4= 0.156 Na2S04 7.020 997.12
Cl- 0.025 NaCl 1.125 65.75
F- 0.032 NaF 1.440 60.47
PO4--- 0.01 Na3P04.12H20 0.450 171.05
H20 40,017.56
Total 56,700
SpG 1.26
Target
Noble Conc. A
Metals (mg/L) Reagent Nitrate Solution mgrams Metal grams of Sol.
Pd 32 . 15.27 wt% Pd Metal 144.0 0.9430
Rh 2.1 4.933 wt% Rh Metal 94.5 1.9157
Ru 1.7 10.08 wt% Ru Metal 346.5 3.4375

TABLE V  CST Loading Salt Solution Analysis

Cations Batch 1 Batch 2
Cs 2030 ppm 1875.6 ppm
K 2212 ppm 770.9 ppm
Pd 3.0 ppm 2.8 ppm
Rh 1.9 ppm 1.8 ppm
Ru 5.3 ppm 5.4 ppm

The 110 deg C moisture content of the as-received CST was determined to be 8.373 wt%. This
led to an as-received CST charge to the 4” column of 8185 grams. The column was operated
similar to the small scale-loading column described above.

Batch 1

CST recovered from the column was air-dried and the weight determined to be 8214 grams.
Some CST resin was left behind in the column and was removed with the second batch by

disassembly of the column. Drying of the CST from the first 4” column run at 600 deg C resulted
ina 16.15 % loss (i.e. 83.87 wt% was oxide).

10
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Batch 2

In this run 500 grams additional CST was added to the column to allow sampling of the product
solids. This resulted in a total CST charge for this run of 8687.1 grams. The column was
disassembled after the run to recover all the solids. The mass of the air-dried CST recovered from
batch 2 was 8892 grams. Drying of the CST from the second 4” column run at 600 deg C
resulted in a 14.19 % loss (i.e. 85.81 wt% was oxide). Samples of the salt solution were taken
during this run to determine the cesium adsorption kinetics. Figure 13 presents these results.

Note: Water left in the column after the final water flush allowed the solids to flow readily from
the column to sieve trays via valve V-5. The flow could be stop and restarted without plugging
of the 3/8 inch diameter drain line. '

Size Reduction of CST for GFPS Hydrogen/Foaming Studies

Size reduction of loaded CST from Batch 1 of the 4” loading column was performed in the
equipment presented in Figure 8. The system was operated in a semi-continuous manner with
periodic additions of CST and water with removal of product CST slurry. The required mass of
CST on an oxide basis for the GFPS run was 5130 grams. This equated to 6120 grams of air-
dried CST based upon an oxide content of 83.87 wt %. An additional 100 grams was added to
this total to account for sampling and loses. A sample for particle size analysis taken about 2/3 of
the way through the size reduction process demonstrated that particles larger than the required -
80 mesh size were in the product slurry. This was attributed to the build-up of fine particles in *
the light ends, which would increase the density, and the viscosity of the fluid. Both factors
would lead to larger particles being floated out of the inner column. Without a means to account
for this effect, it was decided to wet sieve the product slurry through 80-mesh screen, with
particles greater than 80 mesh being recycled to the size reduction equipment. Five 8-liter
carboys of CST slurry were produced totaling 37,693.2 grams. Additional water would be needed
to flush each of the carboys during their addition to the GFPS.

CONCLUSIONS

1) A CST particle size range comparable to the Frit 202 (80-200 mesh) will give comparable
hydrodynamic properties.

2) CST particle size can be reduced by exposure to a high sheer environment like a centrifugal
pump, but reducing the CST size distribution to the required 80 — 200 mesh would require
extended periods of operation.

RECOMMENDATIONS

1) If CST is the process selected, investigate in-line size reduction and classifying of the CST as
it is removed from the ion exchange columns.




Immobilization Technology Section WSRC-TR-99-00244
Savannah River Technology Center Revision 0
Westinghouse Savannah River Company

REFERENCES

1) W.B. Van Pelt and M. R. Poirier, Transport and Storage Properties of CST Slurries,
SRT-WHM-98-0019 ,

2) D. D. Walker, Preparation of Simulated Waste Solutions, WSRC-TR-99-00116, Rev. 0

3) C. L. Crawford, Decomposition Studies of Tetraphenylborate Slurries (U),
WSRC-TR-97-0046, Rev. 0

1"




Immobilization Technology Section . ‘ WSRC-TR-99-00244
Savannah River Technology Center- Rev. 0
Westinghous Savannah River Company

Acid/Caustic Addition - A
PH METER <
| | 1Y
PH Probe FINES N 50 om
COLLECTION’ A
VESSEL .
T GLASS :
= COLUMN
STIRRER (2.54 Cm Dia.)
Fritted Y
. Disk
MASTER
. > FLEX A R
o PUMP '

Figure 1. Experimental Setup For CST and Frit Settlina Studies
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Figure 12. Four Inch Diameter CST Loading Column
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